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SeS^S BromECTIONAL PROMOTER FOR ACTIVATION OF GENE 
Field of the invention 

5 The present invention comprises the designing of a completely artificial 

bidirectional expression module that can also be referred to as bidirectional promoter 
module. The bidirectional module comprises multiple cis regulatoiy DNA sequence 
elements, strategicaUy arranged to give a 'Transcription Activating Module' that 
achieves high level expression from a 'Transcription Initiation Module'. The latter 
10 functions like a minimal promoter. The fonner activates transcription simultaneously in 
both the directions from the latter and also responds to several transcription inducing, 
external stimuli in both the directions. Since it is an artificially designed bidirecUonal 
transcription module, it has no equivalent DNA sequence in plant genome. This reduces 
the chances of the genes from being sUenced by homology based mechanisms. A 
15 bidirectional promoter module as this, can therefore be used to develop efficient vectors 
for goaetic engine^ing in plants. 
Background of the invention and prior art 

The process of gene expression involves two constitutive steps i.e., transcription 
and translation and leads to the formation of a protein or polypeptide or in some cases 
20 RNA with specific fimctions. The process of transcription is the most important 
regulatory step in the process of gene expression and its regulation. The initiation of 
transcription and modulation of gene expression in eukaryotic genes is directed by a 
variety of DNA sequence elements coUectively arranged in a larger sequence called 
promoter. Promoter is the portion of DNA sequence on 5' side, i.e. before beginning of 
25 the coding region of a gene. It contains the signals for RNA polymerase machinery that 
initiates transcription and also modulates the level of transcription. Typical eukaryotic 
promoters consist of two parts - one, caUed the minimal or core promoter and the other, 
called upstream regulatory sequences or cis regulatory elemMits iOdell, J.T„ Nagy. F, 
& Ckua K-K Nature 313, klO-812 (1985) ondBertfey, RN, & Chua, K-H. Science 
30 250,959-966(1990)} 

The minimal promoter or core promoter is a minimal stretch of contiguous 
DNA sequence that is sufficient to direct accurate initiation of transcription by RNA 
[Pol II machinery, Smale, S.T, gems dev 15, 2503-2508 (2002)1 A typical core 
promoter encompasses the site of initiation of transcription witii several sequence 
35 motifs, which inchide TATA Box. initiator (Intr) sequence, TFIEB recognition elements 

EXPRESS MAIL LABEL * 
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(BR£) and other core promoter motifs [Jennifer. RE et al. genes & dey 16: 2583- 
2592 (2002)1 The core promoter provides the site of action to RNA polymerase II 
which is a multisubunit enzyme with the basal or general transcription factors like, 
TFIIA. B, D. E. F and H. These factors assemble into a transcription pre initiation 
5 complex (PIC) that catalyzes the synthesis of RNA from DNA template. 

•nie activation of the core promoter is done by the additional sequence of 
regulatory DNA sequence elements to which various pi^teins bind and subsequently 
mteract with the transcription initiation complex to activate gene expression. These 
regulatory elements comprise of DNA sequences that individually and/or in 
10 combination determine the spatio-temporal expression pattern of a promoter [Benfey. 
P.N., Ren, L. & Chua, N.-H. EMBO 9: 1685-96 (1990)1 Th^c short regulatory) 
elements are located at a varying distance from transcription start point, some 
regulatory elements (called proximal elements) are adjacent to cote promoter while 
other dements can be positioned several kilobases upstream or dovmsueam of the 
15 promoter (enhancers). Both types of promoter elements modulate the level of 
transcription from core promoter [(Wasyfyk, B. CRQ Critical Rev. Biochem, 23: 77-120 
(1988), Johnson & McKnight Ann. Rev. Biochem. 58: 799-839 (1989) Fussier & 
Gussin. Method in Enzymology 273: 3-29 (1996)]. Promoters arc usually positioned 5' 
upstream relative to the transcription start site of coding i^gion of the corresponding 
20 gene. , ® 

Transgenic plants are developed both, to improve desirable charaotere Gike 
yield, disease resistance, phytoremediation • etc.) and to use them as protein factories' 
Often, there is need to introduce multiple genes to achieve the goals of genetic 
engineering. For example, almost always one gene is used (e.g., resistance to an 

25 antibiotics like kanamycin) to allow the selection of transgenic cells and tissues while a 
second gene is used (e.g., gene for enhancing yield or imparting resistance to a disease 
etc.) as the target gene to improve quaUty of the transgenic plant. Each such gene has to 
be normally expressed from its own promoter sequence. The most widely used 
constitutive promoters in the development of transgenic plants a«. the cauliflower 

^0 mosaic virus 35S transcript promoter, and promoters of the nopaline and octapine 
synthase, ubiquitin promoter etc. However, introduction of multiple genes of interest 
mto plants using repetitively the same promoter leads to gene silencing. In order to 
introduce multiple genes through genetic engineering, several strategies have been 
developed which include, sequential transfomiation using multiple gene constructs with 
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different selectable markers, co-transfonnation with multiple constructs, genetic crosses 
between plants transformed with different constructs etc. One way to reduce the size of 
plant transformation vector and the number of promoters required while at the same 
time achieve the expression of multiple genes, wUl be to develop transcription 
regulatory signals that can initiate and regulate transcription in both the directions. 

The use of bidirectional promoter can certainly overcome the limitation of 
sequential transformation and co-transformation with two genes. [Jae et al. Nature 
Biotechnology, 1 9: 677-679 (2001)] invented a method to convert a naturally occurring 
unidirectional or polar promoter into a bidirectional promoter. Such promoter can direct 
the expression of two genes or gene fusions at a time. Only a few types of strong 
promoters like CaMV 35S promoter have been reported and can be bidirectionalized. 
There is no earlier report of constructing a completely artificiaUy designed promoter 
that would not have any long stretch of homology with native genomic DNA. It is very 
important to develop capability for designing artificial promoters with no sequence 
homology to genome since such promoters wiU not be silenced due to homology. 
[Davies et al. The Plant Journal 12. 791^804 (1997)], 

The mventora of this work have carUer established [(US Patent application 
09/263692. EP 99301419.0-2106. Sawant et al.. 2001. Theor Appl Genet 102. 635- 
644)] the art of desipiing artificial synthetic promoters. Such prior synthetic promoter 
been described in detail in said references and are deemed to be incorporated herein by 
reference.: 

The present invention is partly based on the fmding that part of the artificial 
■ promoter shown in SEQ ID NO. 1 below: 

GTCGACCATCATTTGAAAGGGCCTCGGTAATACCATrOTQGAAAAAGTTO 

GTAATACGGAAAAAGAAGATTCATCATCCAQAAAAGGTGTGGAAAAGTTG 

TGGATTQCGTGGAAAAAGTTCGATCTGACCATCTCTAGATCGTGGAAAAA 

GTTCACGTAAQCGCTTACGTACATATGTGGATTQTGOAAAAAGAAGACGG 

AGGCATCGGTGGAAAAAGAAGCrrGTACGCTGTACGdTGACOATAGATAG 

ATACACGTGCACGCGTCCACTTGACGCACAATTGACQCACAATGACGCCA 
CTTGACGCTACT SEQ ID NO. 1 

can bo used as an enhancer sequence or a 'Transcription Activating Module' (TAM). 

Anoihc. part of the sequence SEQ ID NO. 1, can be used as transcription initiator or a 

Transcription Initiator Module (TIM). The present invention teachers that the TAM 

activates and also regulates gene expression in both the directions from the TIM. 
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Artificial syndesis of arong gen» exprmlon modules p„vid„ a «,ol ,o avoid the 
repetitive uae of the so oaUed strong pronK>te,. since a large variety of artificial 
promoters can be designed. Moreover, developing strong bidirectional promoter with 
multiple tissue specific or inducible characteristics will have major applications in 
unprovement of desired agrononrical traits in plants. Designing of expression v«*,„ 
for transfonnation using tite so caUed bidirectional expression module vriU be of great 
va^ue for oogenic development and biotechnology industries. The art of designing 
b,du«=tional promoters entirely by computational methods, as demonstrated here 
provides a great deal of flexibility in genetic engineering. 

Construction ofsynti^etic gate expressionntodules is «,i„,K>rtantalten,aflve to 
the dependence on natirral promoters. TWs allows for bypassing gene silencing and also 
g.ves capability to regulate and improve expr«sion level of valuable p,o,«„s or 

162: 833^2 <2002). co^ ^ 

-Ottypromour^aua^edarongirmsgen expression Inplams)]. 

Authors of fte ptcsen, invention (Sawam S. e, Theor Appl GeHe, 102- 
635-644) provided tite only ex«nple for developing a completely artificial synti>etic 
promoter designed for hl^ level of expression in plants. n,e promoter (US Patent 
Apphc^ion 09/2«»2. EP AppUcation No. 99301419.0-2106) was developed by 
comp«««ional meftods and. demons,rat«l to express a, a high level in . variety of 
plants and fl»reforo. performed the purpose for which it was designed. 

Prior to this invention. Uiere are «rtai„ representative patents summarized 
below, which describe certain bidirectional promoters. US Patent No. 5SI4618 
dtsclos^ a bidirectional p„moter which has a multiple tet oper«er sequences. TO, 
P«ent Shows titat seven repeates of namrally found prokaryotio t« rept^ser / c^r / 
tnducer se,u.nces when flanked by two minimal promoter, in ti» p,«e„ce of 
.e«acyclin inducer could direct the expression of two genes in eukaryotio cells US 
Patent No. 595564 discloses a bidirectional heti^logous bu, again naturaUy existi.« 
construe, for expression of ttansgenes in plants. US P«eM No. 5459.142 discloses 
oann^ promoter s«,uence,. which have bee„ manipulated to permit variation in 
enhancement of gene expression. US ^ No. 5837*49- discloses yet anotiter mtural 
^an. enhancer elemem tiua aU>.nces ti« tnmscriptton level of a plant expressible gene. 
US Patent No. 562704* discloses a namtally occu,^, bidirectional promoter. TTte an 
of maloog a eukaryotio polar promoter bidi«ctional is disclosed in US P««„ No 6388 
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170. The inventors of that patent have used the art to bidirectionlize certain group of 
naturally occuiring plant promoters such as CaMV 35S, PCISV, OPR, and SAG12. 
Objects of the invention 

It is an important object of the present invention to provide a method to 
computationally design and artificially synthesise a bidirectional transcription 
activation DNA module to modulate the level of expression of multiple transgenes in 
plants at the same time. 

Another object of the present invention is to artificially design and chemically 
synthesise 'Transcription Initiation Module' to activate or initiate transcription and use 
It for expression from any 'Transcription Activation Module'. 

It is yet anotiier object of tiie present invention to provide a Transcription 
Initiation Module' ttiat would decide the direction and point of initiation of 
transcription in a bidirectional promoter. 

Another object of present inventton is to make a totally artificially designed 
bWirectional expression module' by placing so called transcription initiation module 
on either or botii sides of the so called 'Transcription activation module' for modulating 
expression of either or both genes in one or both directions. 

Another object of the present invention is to provide computationally designed 
promoters which have no long stretch of homology with genomic DNA and therefore 
express the ti-ansgene stably in ti-ansgenic population and do not show silencing. 

Another object of the present invention is to prove the flmctional validity of tiie 
sequence feature identified by tiie inventors for artificially designing and developing a 
• novel 'bidirectional expression module', totally based on the nucleotide sequence 
analysis of database of genes selected for potential to express at high level m plants 

Yet anotiier object of tiie present invention is to provide pant transformation 
vector using the so called 'bidirectional expression module' expressing selection 
marker gene like nptll (kanamycin resistance) or hptlj (hygromycin resistance) or one 
useful gene in one direction and a reporter gene Uke GUS A, GFP or any other useful 
protein coding gene in otiier direction. 

Yet another object of the present invention is to develop transgenic plants using 
the above designed plant transfonnation vectors and prove their utility in improving tixe 
desired agronomically important trait in plants. 
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Summary of the invention 

The p«,e« tovenMon b retattd k, an advancm™, ov« *e appHca»«- carUer 
«v.«.on ced ab«e. More partcuWy, i, „ , ^^.^^ ^ ^^^^ 

««i «ra«gie.Uy dcsign«i bidir=cUonal g.n< expression module tt>a, can „,odulate Ac 
expression of o.» or ,wo genes alone or ,oge*er, in eifter or bo4 the direetions This 
novel. bidi,«Uonal expression module lus been selected as par, of the DNA 
^Quenoe repor,«l in the earlier Invention that comprised of a che«ucally sy.a»sized 
«>d Uteoretioally designed DNA sequences. The p,es«,t inven^on is based on the 
flndmg d,at pan of the DNA sequenee. ealled "Transcription acdvation module- (TAM) 
10 shown as SEQ ID NO. 1 below: 

OTA™^f^°^^°^'""'=°"^'"^«^"°^«^ 
OTAATACOOAAAAAOAAOATTCATCATCCAOAAAAGOTOTQGAAAAGrro 

TOGATrGCOTOOAAAAAOTTCOArcroACCATCTCTAGATCOTOOAAAAA 

^ACOTAAOCOCTTACOTACATA«,TGOArmTOOAAAAAOAA^ , 

CTTQACGCTACT SEQIDNO 1 

2 "tivate ttar^eription in either or both direcdons when a second con^ DNA 
s«,ueoee caned -transcription initUUcn n«Kiule- (TTM) and shown as SEQ ID NO 2 

TCACTATATATAOOAAOrrCAnrCAlTTGOAATOOACACOTGrrOTCATrr 

TTTACAATrACATCTAOATAAACAATG SEQ ID NO 2 

« Pl^ed in either or both the dire«ions. Thus the fir« part i.e.. -ftanscriptioa 
Aotvanon Module- (TAM, can ntodulate the expression of g«» i. both sense aL 
. «.hs«.e dictions Simultaneously, if a "Transcripti™. Initiation Module- CTIM) U 
Ptaced stra^gically. TIM is thc^ft.,.. ^ ^ 

ftmenons hlce a minima, or core promoter and is .efcrrcd to in axampfcs give. here, as 

t' VT ^ "^"^ "^"^ in . database Of genes selected 
fo. me po ent«l «, express a. high level in j^, advaUon module comprises of 

^ bp t. «.e le« or .n 5- d^cUon of tr^tscription stan site of highly expressible plan. 
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These cis-elements were computationally arranged a • 

in an orientation - indeivnH^^f • expression of genes 

independent manner m transgenic plants Hence th^ «t • • 

A„oU,« Of 4e p,^, idertficrton from fte^ 

a Tr^cripttoa I„itt«ion Module", which ^yJ^^J", 

Modul. dcsig^d h^cd on ch.« o '7^'"™ 

TATA box. «n.o.p«o„ i„i«aUo„ u..™.,. " "'"^ " 

region in highly exp«.ih.e plan, sen^ in da Jb^ "^"-^ 

~rr:;:: :n:r ;tr r --"^-'^ ---- 
ini..on „od.. -rrci^rrrrrrr. 

h.ghly «cp,«sed plan. fto„ ^ 5^ <^'" 

deigned scucnc has no «.b«««i.I «,>^7^TT^' "^""""""^'^ 
Hen«. ftc aitificiaUy d«S<™H homologons sequence in plam. 

siiencJd duet , i» mo« «able in exp„s«ion rince i, i. no. 

. . ■''wrner, r/ie Plant Journal 12, 791-804 nooii \ tk« 

results shown by this bidirection«l - . (Ji^^7J.] The 

-non^^es .e o.c«npu«ona. hio.o. il d^^^r de^„Z": 

r^i pT " ~- - - - 

-^^^toP"™"'"^'. of the present invendon is siniuhaneou. enhancement 
m the expresston of genes placed ta both direcdons of flte artificiaUy designed syna«ttc 
.^nscnptton activation module' by a variety of ccUutar and envi™nm««al agents, ftr 
sample, the regulation of gen. expression in response to salicylic acid, indole acetic 
acd. sodium chloride etc. in transgenic tobacco is demonstrat«i as part of a» 
mvennon. THis propert, of bidixedonal exp,«sion module d,o«, 4a, the 
transcrrption acUvaUon module of the present tav«>tion also functions like a ctomicaUy 
inducible bidirectional enhancer. 

Thus the present invention provides a bidirectional promoter comprising: 
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a Transcnption Activation Module comprising of . . • 
synthcsised and strate«n«n„ a ■ . ^"'P''''"^ ^ chemically 
havin. the . '"'^''^'^y d^^g^ed artificial nucleotide sequence 
havmg the sequence .hown in SEQ ID NO. 1 or upto 70% homo, 
to it, and designed to enhance the level of. l^°«ologous 
a Transcription Initiation M^^^e t^^^^^^^ 
s~ed and st.te.ic.1, desi^d a^;::^^^^^^^^^^ 

shovvni„SEQlONO.2orupto70%homolo;ol~ ~ 
function as a i *"Sous lo it, and designed to 

f'^"'!'. Wription Imdaaon Module located on . 
fa a« «ir!!^ "'■^"•^-'"^vaaon Module 

sides nf th. T ^ ^ ^^''^ expression from one or both 

sides of the Transcnption Activation Module. 

In another preferred feature of the invention, said Transcription Activation 
M dule comprises a DNA sequence having SEQ ID NO. 1 of signature sequll 
stausticai™^ as commonly p^ent in highly expressed plant genes^^thln 
• 100-to 500 nucleotide positions upstream Of the transcription i^^^^^^ 

In another prefeixcd featu^ of the invention, said Transcription Initiation 
Module comprises a DNA sequence having SEQ ID NO. 2 of signature sequences 
statisUcally identified as present within ^100 nucleotides upstream of the tmnscription 
initiation site in natural promoters in plants. 

The present invention also relates to Transgenic plants developed after stable 
transformation >vith the bidirectional promoter described above for the puzpose of 
improving plant characteristics of interest to agriculture or industry. 

The present invention also relates to a plant transfonnation vector comprising a 
bidirectional promoter as described above, expressing a selection marker such as mU, 
bar. hp, etc. or any other such gene fiom one direction and a reporter gene such as 
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S"sA, gfp, or any other gene whose nmH . 

- Of such veco. fo. development of tL^l^r^' "^^"^"'^^ ^ 

In a preferred embodiment, te present 
promoter comprising: "^^'"^^ ^^^^^ to a bidirectional 

a) a Transcription Activation Module ... 

synthesised and strateBV!»llv „ ■ . f ag oi a ohemicaUy 
™ SEQ ID NO. 2 <.^„„ 70% ho„,„,„g„^ 

««« Of *e ■ Wdpti« Module. « ..p^, ^ ^ 

one « . to. or b«h sfa«lten««aly f„, 
engineered plants. 
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Detailed description of invention 

The present invention will now be described in grater detail with reference to 
the accompanying drawings wherein: 

Fig 1 shows a number of gene constructs made in accordance with the present 
invention. 

The present invention comprises artificial designing and chemical synthesis of a 
'Bidirectional Transcription Activator DNA Module' which comprises of Ihe multiple 
transcription cis-regulatory elements, which were identified in the upstream region 
(100^500) from the transcription start site of highly expressible plants genes. Detailed 
claims related to computational analysis based designing of highly expressing plant 
promoters have been filed earUer in the pending US Patent Application no. 09/263692 
30 or EU. Patent Application 993014 19.0-2106. 

These so caUed cis-regulatory conserved sequence elements were strategically 
arranged on the bases of their percentage occurrence, there copy number and there most 
common position of occurrence in the dataset of highly expressed plant genes to from a 



9 



31/03/2004 11:14 31-11-29226005 
250/NF/03 



SN&A 



PAGE 12 



-T^^paon Acavation Modal.-. 

The „ call«l •Trawoription InMaaon Module- used in fl» 
also fterotically de^ed »d chemically .y„,ch.i.ed J^H " 
■0 on fte chara«eri«ic fcanne of nucleotide T . ""^ 

^ se, of highly expresaed I t °' " 

xugniy expressed genes ih plants (SEQ ID NO 2^ Th^ ti\a • , ^ 

15 Mod 1 T!"'"" » <=^«« -TWripao. Acdv«io„ 

B.d^on.1 Expression Module'. «Uch n«,dul«es fte expression of gene Itam bo* 
sense and antisensc directions. 

SEQ ID NO. 1 is 3 12 bp long and the SEQ ID NO. 2 is 130 bp long. A number 
of gene constructs used in the examples are shown in Fig 1. The examples demonstrate 

to the bidirectional function of the present invention. The invention for the first time 
describes a totaUy artificially designed « bidirectional expression module' comprised of 
'transcription activation module* and ^transcription initiation module' based on the 
• computational analysis of dataset of highly expressed plant genes from nucleic acid 
sequence database. Such an artificially designed sequence has no substantial equivalent 

15 or homologous sequence in plant. Hence, the artificially designed sequence is more 
stable in expression since it is not silenced due to homology based silencing of genes 
[(G. J. Davies, M.A. Sheikh, O.J. Ratcliffe, G. Coupland and IJ. Furner. The Plant 
Journal J 2, 79 J -804 (1997).} The results shown by this bidirectional expression 
module prove an additional and very usefiil function of the features earlier identified by 

10 the inventors. The invention demonstrates the potential of computational biology in 
designing and development of highly expressible bidwectional gene expression 
cassettes for tightly regulated, tissue specific, constitutive and inducible expression of 
multiple transgenes at a time in transgenic plants, of the above two sequences. 
However, as is known to experts in this area, sequence variations to the extent of 30% 
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«>ay not affect function of the TAM and tin^ 

application (US 09/.63692 99 ^4^9 0^ oT'"'^ " 

computationaII,designed3e,uenceexi.innair'^^^^ ' -eral variations of ti,e 
TT^e present invention wiJI now be descrih.^ • u 

non-iimiting Examples, the putpose of whi\ "''"'^^^ 
EXAMPLE 1 ^^^"^ *° "^^^^^y "^-trate the invention. 

Expression of a reporter 

Transcription Activation Module^irrrj!!^-^^^ sense orientation of 

vaoauie (TAM) m transgenic tobacco plants. 



JO Table 1 



15 



20 
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Promoter With Gene construct o.. *_ 

(orientation) ^C^'^^,^'' Glucuronidase activity 

Transgenic tobacco plants with designation (RFU/minute/mg protein) 

TAM ^P,i^gusA (sense) c,^ , 

* 324 2 

527-2 ,™ 

527 -5 



10.8 



Control tobacco plant ^^^Z ^^"^'^ 



0 



^«S«^^fo^gl"c««>nidase(^^)wa. placed downstream of the artific^^^ 
designed Transcription Initiation Module (P,.) and such cassette was then placed to 
^ r.ght side (sense direction) of the artificially designed 'Transcription Activation 
Module iTAM) in 5' to 3' direction. In this case, no gene cassette was placed to the left 
«de (antisense direction). The gene construct is shown in Fig. 1. It was made to 
demonstrate that the T^Jl/ activates transcription to the right even in absence of P.. or a 
gene on the left side. Transgenic tobacco plants were developed using Agrobacterium 
tume/aciens LBA 4404 containing kanamycin resistance gene as a selection marker 
(npt U) and the above construct TAM - Pmec gusA cloned in the weU known and 
commercially available (:Clontech, USA) binary vector pBI 101. Results of gusA 
expression in five transgenic plants are given in Table L As seen, the TAM expresses 
the reporter gene gusA very efficiently in leaves of the transgenic tobacco plants. As 
expected, the activity varies from 10.8 in case of plant # 527-2 to 324.2 in case of # 
527-1. Such variation in the level of expression is expected and is known to be due to 
the integration of transgene (gusA) at different positions on chromosomes of tobacco. 



n 
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EXAMPLE 2 

Expression of a second 

Transcription Activation ModuicTZ ''^^ ^« '^-"tation of 

""^^^g^^c tobacco plants. 



Table2 

Promoter with Gene construct 
(orientation) 

^'^r!!^''' tobacco plants ^vith 
y - p,.,^ gfp (sense) 



Control tobacco plant 



Plant designation 



528-12 
528- 13 
528-15 
528^20 
528-32 



Green Fluorescence Protein 

activity 
(RFU/minute/mg protein) 



881.0 
258.0 
203.0 
272.8 
165.5 
0 



A reporter gene different from that taken in Examn.. , 
to show that the high level of exni««- J ^ '^^'^ ^« 

was not restrict ^Jj^TZ^T ^ ^^^^^ 

(^.) and such cassetteTs It^plT^'r^rr^^^^ 
artificially designed 'T«. ■ 7 ^'"^^ «f 

ticxally designed Transcnption Activation Module' (^TAM) in 5' to 3' direction In 

eft s.de^ Transgenic tobacco plants were developed using A^otLiu. 
^^efa^ens LB A 4404 with a suitable selection n^ker («^. «nd the abl conat^ct 
TAMj />,, gfp in binary vector pBI 101. The gene constn^ct is shown in Fig. 1. Results 
of gfp expression in five transgenic plants are given in Table 1. As seen, the TAM 
expresses the reporter gene very efficiently in leaves of the transgenic tobacco 
plants. As expected, the activity varies from 165.5 in case of plant # 528.32 to 881 0 in 
case of # 528-12. Such variation in the level of expression is expected and is known to 
be due to the integration of transgene (g^) at different positions on chromosomes of 
tobacco. 

EXAMPLES 

Expression of gusA and placed in opposite orientations of the Transcription 
Activation Module' to demonstrate bidirectional, function of the Transcription 
Activation Module' in transgenic tobacco plants. 
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Table 3 

Promoter with Gene construct 
(orientation) 

Wgenic tobacco plants with 
TAM- P,i„, gfp (sense) + 
A/w - gusA (antisense) 



Construct name 
and Plant 
designation 



1301^1 
1301-2 
1301-3 
1301^4 
1301^5 



Glucuronidase 

activity 

(KFU/minute/mg 
protein) 

92.8 
165.5 
170.7 
75.3 
229,7 



1 and 2 was Shown to be activated when these are placed on two opposite sides of the 
art.fi .ally des:gned bidirectional moduel TAM. Both the genes are expressed 
simultaneously in leaves of transgenic tobacco. I^e reporter gene along ^ith the 
arUfically designed F,,„ was placed in the sense direction (right side of TAM) while 
gusA along with P,^ was placed in antisense direction (left side of TAM). Both were in 
5' to 3' direction along mf. Transgenic tobacco plants were developed by using 
Agrobacterium tumefaciem, as in the eariier two examples and selected on the basis of 
kanamycin resistance. The results show that the two reporter genes expressed 
simultaneously in the two directions in aU the plants. The level of expression of both 
the genes showed variation, as expected due to different positions of integration of 
transgene in the genome. The example establishes bidirectional nature of the module 
TAM\iz., SEQ ID NO. 1 when it is used m format Pti„ (antisense) - TAM- P,^ (sense) 
as shown in Fig. 1. 
EXAMPLE 4 

Simultaneous enhancement of the expression of genes placed in the two 
directions in response to induction of transcription by salicylic acid in transgenic 
tobacco plants. 



Green Fluorescen 

Protein 
(RFU/minute/ra 
protein) 

560.0 
412.7 
862.2 
340.0 
257.0 



Table 4 

Promoter with Oene 
construct (orientation) 

Transgenic tobacco plants 
with 

TAM' Ptim gfp (sense) + 
Piim gusA (antisense) 



Construct name 
and Plant 
designation 



1301-1 
1301 -2 
1301-3 
1301 -4 



% enhancement in activity 14 h after 
treatment of leaf with 100 \iM salicylic 
acid 

Glucuronidase Green Fluorescence 

Protein 
160 171 
370 240 
5740 820 
410 1927 
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rais example iUustrates that the • ,. " 
Mo<.„,e (.^^ aoUv.test.tZir.T'"^ ^'-«^'«"'- >^va«o„ 

H^an,p,e 3 b„. also *„v« ««her enl ~" ^* *° " ^ 

as shown i. Example 4. in UuTTxIT " " •» '^^-i 

^ , ,,,, re::rr::::rhr 

enhancement by salicylic acid i„ bo,. ^. . " «ver.l fold 

SlmuItaneo,«,ly. i„ . „ " "> '«nsgenic plan, # 1301-3. 

« -e W was in anCe^ri^ir ^ ^ 

- -own in «,e .ne cons.™, in „, .. slT; :^,73o" Tl ^ 

.ncrease was noticed fo. ditection) ^ ' ' '^'^ 

for (sense direction). IS. J_^"= ""f ^ -otic^l 

both the diteeuons. Ho««v.r, d« "^"^""^ ^y>^^ - 

di^ctiona. "''^'^''^«»'»«««>'«»*lbediffe«ntm.he,wo 

EXAMPLES 

response to Indm>fton of Transcription taitiaaon by NaCl and UA 
Tabic g 



Promoter with Gene 
construct (orientation.) 

Transgenic tobacco plants 
' with 

TAM-P,i„ gfp (Sense) + 
gusA (Antisense) 



Construct name 
and Plant 
designation 



1301-1 



% enhancement in activity, 14 h after 
treatment of leaf with 400 mM NaCi 

Glucuronidase Qicen Fluorescence 

Protein 



1301-2 
1301>3 
1301^4 
1301^5 



298 

169 
971 
794 
348 



755 

769 
1200 
1071 
1025 



This example illustrates that the designed 'Bidirectional expression module' 
like in example 5a shows further increase as expression in response to NaCl (Sodium 
Chloride) treatment. The result in Table 5 shows that the TAM in transgenic line 1301-3 
shows about 10 fold increase in (GUS activity) in antisense direction and 12 fold 
inciease in GFP in sense direction. The different level of expression of gz^^ and GFP 
in different transgenic lines varies, which is due to position of intigeration of transgene 



14 



11: 14 31-11-29226005 

250yNF/03 



SN&A 



PAGE 17 



10 



15 



20 



in genome. The gene construct is shown , ^ ^ 

as described in Table 4. ^' ^^sgenic plants >vere same 

EXAMPLE 6 

Enhancement of the expression of «^ 

induction pf t^scHption h.Indole Aceticr^'a^Trr ~ 

ceuc Acid (lAA) m transgenic tobacco plants. 



Table6 

Promoter with Gene 
construct (orientation) 

Transgenic tobacco plants 
with 

TAM-:P,un Sfp (Sense) + P,,^ 
S**sA (Antisense) 



Construct name 
and Plant • 
designation 



1301-1 



% enhancement in activity. I4h after 
treatment of leaf with 50 fiM lAA 
Glucuronidase cSree^ Fluorescence 
•?7« Protein 
^'^ 301.06 



1301-2. 
1301-3 
130M 
1301-5 



521 

517 
672 
425 



500 
608 
2170 
782 



TTte example show, the increase in ^ and g^, activity on lAA (indole acetic 
acd) treatment to the transgenic tobacco leaves, glucuronidase activi^ (^) ^ 
enhanced by about 7 fold in transgenic plant 1301-4, In the same plant, ^ were 
enhanced 22 fold. In plant 1301-5 (antisense direction) there was 4 fold increase in ^ 
activity and 8 fold increase in gfp (sense di.ection). TTie results showti in the e^imples 
4, 5 and 6 show the chemically indiusiWe behavior of the synthetic 'Transcription 
Activation Module' modulating expression in both the directions. 
EXAMPLE 7 

Development of agronomicaUy improved tobacco plants by expressing and 
insecticidal protein from bidirectional enhancer. 
Table.7 

Plant designation 



Promoter with Oene Construct 
(orientation) 
Transgenic tobacco plant with 
TAM- Ptim crylAc (sense) 
Pm r^tU (antisense) 



1330-1 
1330-2 
1330-3 
1330-4 
1330-5 



% Mortality of larvae of 
Helicoverpa 

100/100 ' 

100/100 

90/100 

89/100 

95/100 



This example establishes that the artificially designed transcription activation 
module can be used to develop a vector for transformation of plants and for the 
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wah ^ , ,^ JlS^^^r ^"^'^^ 

' -^-^-^^ ^ or^l" 1 ^ agronomical,, high,. 

dlreaon, of TkA/. The cryL4c code, f ' *° ^'"^ 

'epidop,e™ i„.ec. H.Z^T^;^'^ "^^^ <° *e ,a^ 

.« - insccuciaa, p.«h. O,:^ ^ ^eloTTTr oT! ^ f " ~ 
estimated by ELISA. AU five '^P""!- « 

n^onaU., on- W r '° '<«^- 

obtained when transeenic cnttr,« ^ . resiuis were 

th.t . . u '"^^ ^^'^^ Coker cotton lines 

^at expressed the 5.endotoxins from a sinUlar bidi^tional module were obtained 
These were highly resistant to feeding damage by lepidopteran p.ts. including two 
major boll wonns. called Helicoverpa sp. and Spodopteta sp. . 
20 Conclusion 

To prove the vaUdity and features of the designed 'Bidirectional Expression 
Module- the inventors made various gene constructs using r^orter genes glucuronidase 
• A (gwy^ or GUS), green fluorescence protein (g^), 5-endotoxin (cry) etc. which were 
placed in both sense and antisense directions (Fig. 1) of the expression module and 
25 used in the Examples. The expression patterns of the reporter genes are similar and 
comparable in both sense and antisense directions, when taken one at a time (Examples 
1 and 2) or two at a time (Examples 3,4,5.6,7) with expected extent of variation in the 
level of expression within diff^ent lines carrying the same construct. Such variation in 
the level of expression is expected and known to be due to the integration of transgenes 
30 at different positions on chromosomes of the target platit. 

Another important feamre which the mventors hive shown is the chemically 
inducible behaviour of the designed 'Transcription Activation Module* which not only 
enhances gene expression in both directions as shown in examples (4, 5 and 6) but also 
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Shows further enhancement in th. 

fold enhancemen, by salicylic acid i. h..K . ^^^al 
*e chenuc. inducible b=h,vio^^,T/' ^'^'^ « -"'^ <^-'--« 

v«.o.™„du... such .Jt^ZZTT:^''" " 

endc,o.i„ coding .... i. rdilZ C^T ^ — ^ 

proves the experimental utiUtv of <«,.k a ■ 7 ' ^ ^''"■P'e ^l^rly 

improved tranlge^c pla«r "'^^'"^'^ 

e^abuT^""",*:™ ''^"^■"^o- -odule i„ .ausgeuic tobacco 

d«nom«,« flu, potenti,, „f c„„^„ttaonaI biology, that can be «Uized il 

designing artificial bidirectional expression cassettes for regulated, tissue specific 
constinitive and inducible transgene expression in plants. ll«se will clearly have greai 
applications in biotechnology. 
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